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(54) Non invasive blood pressure monitor 

(57) A blood pressure measuring device is operata- 
ble in a first operating mpde (Ml) and in a second op- 
erating mode (M2), In the first operating mode, blood 
pressure values are based on one single measurement. 
In a second operating mode (M2), a mean value (S^^, 
D^) of the systolic and the diastolic blood pressure is 
calculated on the basis of subsequent measurement 
values. The blood pressure monitor (1 ) is provided with 
means (2) for switching between the first operating 
mode (Ml) and the second operating mode (M2). 
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Description 

[0001] The invention relates to an autonriatic, non In- 
vasive blood pressure monitor and to a method for the 
non invasive measurement of the blood pressure with 5 
such a monitor according to the preamble of the patent 
claims. 

[0002] Automatic electronic blood pressure monitors 
are known. These monitors detemilne the values of the 
systolic and the diastolic blood pressure e.g. on the ba- io 
sis of an oscillometric measurement. Other measure- 
ments are also known which are. may be based on elec- 
tronic detection of Korotkoff sounds. 
[0003] Automatic, electronic blood pressure measur- 
ing devices are usually applied on the upper arm of a is 
patient, around the wrist or on a finger of the patient 
While the measurement as such has proved to be suf- 
ficiently.accurate with such devices, errors may be due 
to the fact that a user is making movements during the 
measurement. Ideally, the blood pressure should be tak- 20 
en when the user is sitting down and has been at rest 
for some time. 

[0004] it is a disadvantage of known blood pressure 
measuring devices, that wrong measurement values 
may be given if the device is not properly used, espe- 25 
cially if the user did not rest sufficiently before the meas- 
urement. 

[0005] It is an object of the present invention to over- . 
come the drawbacks of the prior art, especially to pro- 
vide an automatic, non invasive blood pressure monitor 30 
which allows reduction of nneasurement errors which 
are based on the fact that a user is moving during the 
measurement or does not rest sufficiently before the 
measurement. A further object of the invention is to pro- 
vide a method for measuring the blood pressure which 35 
allows reduction of such errors. 

[0006] Still a further object of the invention is to pro- 
vide a non invasive blood pressure monitor and a meth- 
od formeasuringthe-blood pressure which also^ 
fast determination of the blood pressure, if desired. 40 
[0007] According to the present invention, these ob- 
jects are solved with an automatic, non invasive blood 
pressure monitor and with a method having the features 
of the characterising portion of the independent patent 
claims. 45 
[0008] The blood pressure monitor according to the 
. present invention is operalable in a first operating mode 
and in a second operating mode. In the first operating 
mode, blood pressure values are determined on the ba- 
sis of one single measurement In a conventional man- 50 
ner. 

[0009] In the second operating mode, the blood pres- 
sure values are calculated on the basis of a series of 
measurements. The inventive device can be used in the 
first operating mode for a quick and rough blood pres- 55 
sure measurement. The second operating mode allows 
a much more precise measurement. During a certain 
period of time, measurements are repeated and the val- 



ue of the systolic and the diastolic blood pressure is de- 
termined as an average of several measurements. The 
second operating mode is especially advantageous be- 
cause the measurement series lasts for a certain 
amount of time. While the first measurement may be still 
erroneous because of insufficient rest of the user, the 
following measurements will be more accurate because 
the user will nomially sit or lay down during the meas- 
urements. 

[001 0] In a preferred embodiment, the blood pressure 
monitor comprises means for switching between the first 
operating mode and the second operating mode. The 
user may at its discretion choose if a fast rough meas- 
urement or slower and more accurate measurement 
shall be made. 

[0011] The blood pressure monitor preferably com- 
prises means for calculating or determining a statistical 
distribution of the measured values and means for form- 
ing an average of a number of measured blood pressure 
values. 

[0012] The means for forming the average are prefer- 
ably programmed in such a way that a weighted average 
may be calculated. 

[0013] It must be noted, that the first and the second 
operating mode are independent from each other. The 
blood pressure monitor could only be operated In the 
first operating mode or in the second operating mode if 
this should be desired by the user. "First" and "second" 
does not relate to time sequences or a specific order or 
preference of the operating modes and it does not ex- 
clude other operating modes. 

[0014] According to the method of the present Inven- 
tion, In the second operating mode an average value of 
the diastolic and the systolic blood pressure values is 
calculated and displayed. 

[0015] In the second operating mode, a pause is pref- 
erably made between subsequent measurements. The 

pause can be about 60 seconds. Thjs pause is advan- 



tageous in that it allows the measurement site (e.g. the 
upper arm or the wrist) to relax between measurements 
and in that It leads. to an additional rest of the user. 
[0016] In a further preferred embodiment, a statistical 
distribution of the blood pressure values is determined. 
Depending on the distribution, different calculation 
modes for calculating the average may be used. If one 
or more of the measured values substantially differs 
from the other measured values, a weighted average 
may be calculated. If all measured values are within a 
pre-determinable range, a nomial, arithmetic average 
will be calculated. 

[0017] In addition, if one or more of the measured val- 
ues substantially differ from the others, an additional 
measurement may be made. 

[0018] The method according to the present invention 
is also adapted to calculate the pulse rate with high ac- 
curacy. As the measurement lasts for quite a long time, 
a precise mean value of the pulse rate pressure may be 
calculated. 
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[0019] The invention will be more clearly understood 
with reference to the drawings, which show: 

Figure 1 a perspective representation of a blood 
pressure measuring device according to 
the invention, 

Figure 2 a flow chart of the first operating mode. 

Figure 3 a flow chart of the second operating mode 
and 

Figure 4 a flow chart of the second operating mode 
of an alternative embodiment. 

[0020] Figure 1 shows a blood pressure measuring 
monitor 1 . The blood pressure measuring monitor 1 sub- 
stantially consists of a housing 1 0 and a cuff 5. The 
housing 10 comprises a digital display 4 for displaying 
measurement results such as the pulse rate, the systolic 
blood pressure or the diastolic blood pressure. The 
blood pressure monitor 1 further comprises a calculating 
arrangement 3 forcalculating the blood pressure values 
and the pulse rate based on the pressure P within the 
cuff 5. The pressure P may be measured in a conven- 
tional way with a pressure sensor (not shown). 
[0021] According to the invention, the blood pressure 
monitor is provided with a switch 2 for switching between 
a first operating mode M1 (see Figure 2) and a second 
operating mode M2 (see Figure 3). 
[0022] Additional buttons 6 are provided for resetting/ 
turning on or off the device or starting the operation. 
[0023] The blood pressure monitor 1 can be used ei- 
ther in the first operating mode M1 or in the second op- 
erating mode M2. In the first operating mode Ml, the 
blood pressure measuring device is operating in a con- 
ventional manner The value D of the diastolic blood 
pressure and the value S of the systolic blood pressure 
are-measured-in one-single measurement cyclerThis 
means, that the cuff is inflated once and the pressure P 
within the cuff is measured during one deflation cycle. 
[0024] In the second operating mode, a number of 
measurements is made. In each of this measurements, 
a actual value of the diastolic blood pressure D and of 
the systolic blood pressure S is detennined and stored 
within the blood pressure monitor 1 . After the last of the 
measurements, an average value D^^ of the diastolic 
blood pressures and an average value of the systolic 
blood pressures is calculated in the calculating arrange- 
ment 3. 

[0025] In Figure 2, a schematic representation of a 
measurement in the first operating mode M1 is shown. 
One single measurement is taken. The measurement 
result is immediately displayed on the display 4. 
[0026] In Figure 3, a schematic representation of the 
second operating mode M2 is shown. 
[0027] Three measurements are taken. Each meas- 
urement lasts for about 60 seconds. Between two sub- 



sequent measurement, a rest of another 60 seconds is 
made. This is necessary because between two meas- 
urements the venous re-flow has to be settled. This usu- 
ally takes a minimum time of about 60 seconds. The time 
5 might be somewhat lower (50 seconds) or, of course, 
somewhat longer. The three measurements lead to 
three values D1 , SI , D2. S2, D3. S3 of the systolic and 
the diastolic blood pressure, respectively. 
[0028] After the third measurement, a comparison of 
10 the measured values is made. If all values are within a 
pre-determinable range, an average D^^, of the 
measured values is calculated. 
[0029] The average of the diastolic blood pressure 
is formed as the arithmetic average of D1 . D2 and 03. 
^5 The average of the systolic blood pressure S^^ Is formed 
as the aritlimetic average SI, S2 and S3. 
[0030] The valid range is about 20 mmHg for the 
systolic blood pressure and 1 2 mmHg for the diastolic 
blood pressure. This measurement cycle will take about 
20 5 minutes. 

[0031] If the measurement results of the three first 
measurements are not within the valid range, an addi- 
tional measurement may be made. Usually, under phys- 
iological aspects, all measurement values shall be con- 
25 sidered. Only In the case of errors due to motion arte- 
facts or in case of an abnormal physiologic variation of 
the measurement results, one single result may be dis- 
regarded. 

[0032] Usually, a variation of the measurement results 

30 during the three or four measurements does not neces- 
sarily lead to a rejection. People with unstable haemo- 
dynamic conditions often have systolic pressures which 
are outside the above mentioned pre-determinable 
range. Usually, these measurements are taken into con- 

35 sideration for calculating the average. 

[0033] If the three first measurements are not within 
the valid range, in a first embodiment, an additional 
fourth measurehnent is made after a one minute rest. If 
the diff erence b etween'on e'read i n g an d ■tlre"average^f 

"fo at least the other two is within the valid range, an arith- 
metic average of the three valid readings may be 
formed. This calculation leads to a seven minutes cycle! 
If no reading is within the valid range as compared to 
the average of the other two, an error message will be 

^5 generated. 

[0034] Usually, all artefact free results need to be ac- 
cepted. If three artefact free results show a high varia- 
tion (the difference between one reading and the aver- 
age of the other two is outside the valid range), an ad- 

50 ditlonal average calculating mode may be applied (see 
Figure 4). 

[0035] If two consecutive values are within the valid 
range and a third value (e.g. the first or the last one) 
exceeds the valid range, the third value is compared 
55 with a weighted average. If the difference between the 
third value and the weighted average is still outside the 
valid range, the first two values will be accepted and a 
fourth measurement will be made. 
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[0036] If there are no two successive valid measure- 
ments, the values will be rejected. This applies when an 
excessive result is between two valid measurements. 
[0037J The following examples will show how different 
measurement results will be treated. The examples are 
given for systolic pressures. Similar calculations apply 
for the diastolic pressure. 

Example 1 : 

[0038] S1 = 100, S2= 100. S3 = 161 
[0039] In this case, two consecutive valid values are 
exceeded by one abnomnal value (S3). In this case, the 
weighted average applies. 

Avy= ((2.100) + (2-100) + 161) 



age value will be calculated and displayed. 
[0049] The sequence of the measurement is sche- 
matically shown in Figure 4. 

[0050] As mentioned above, errors due to artefacts 
5 are rejected. Technical artefacts may be detected on the 
basis of pulse analysis. 

[0051] Physiologic rejections may be detemiined on 

the basis of statistic considerations. 

[0052] The above algorithms show a possibility for a 

^0 sophisticated calculation of an average value for the 
blood pressure values. This is basically possible with a 
blood pressure measuring device which is operatable in 
the first operating mode M 1 (which allows fast and rough 
measurement) and in the second operating mode M2 

15 (which allows a precise average measurement). 

Claims 



[0040] Since the difference between the third value 
and the weighted average is outside the valid range, a 
fourth measurement will be necessary in a similar way 
as shown in Figure 3. 

Example 2: 

[0041] SI = 100, S2- 161, S3 100 
[0042] As there are no consecutive similar values, a 
non weighed average shall be formed (average = 
120.33). The difference between all values and this av- 
erage is outside the valid range. The whole measure- 
ment is not accepted because the patient's haemody- 
namic stability is not sufficient. 

Example 3: 

[0043] SI = 161, S2= 100, S3= 100 
[0044] This example is similar to example 1, The 
weighted-average formula is-applied: A fourth measure- 
ment is necessary. 

Example 4: 

[0045] SI = 120, S2 = 150. S3 = 180 
[0046] No consecutive values are found in this exam- 
ple. The normal average will be used. This patient does 
not have a haemodynamic stability necessary for a rea- 
sonable measurement The average result will not be 
accepted and an error code will be displayed. 

Example 5: 

[0047] SI = 120, S2= 130, S4= 140 
[0048] All values are consecutive (which means there 
is no substantial difference between subsequent val- 
ues). The nomial non-weighted average is calculated. 
The average is 130. The difference between the aver- 
age and all readings is within the valid range. An aver- 



20 1. An automatic, non invasive blood pressure monitor 
(1) for indicating the diastolic and the systolic blood 
pressure (D^). (S^) ; (D). (S) of a patient, 

characterized in that the blood pressure moni- 
25 tor (1) is operatable in a first operating mode 

(Ml) and in a second operating mode (M2), 

whereby in the first operating mode (Ml), blood 
pressure values (D, S) are detemiined oh the 
^0 basis of one single measurement and 

whereby in the second operating rinode (M2), 
blood pressure values (D^, S^) are calculated 
on the basis of a plurality of measured values 
35 of the diastolic and the systolic blood pressure 

(D1,D2, D3. S1,S2. S3). 

2. A blood pressure monitor according to claim 1. 
characterized~in that "the" blood TJressuTer 

^0 comprises means (2) for switching between the first 
operating mode (Ml) and the second operating 
mode (M2). 

3. A blood pressure monitor according to one of the 
45 claims 1 or 2, characterized in that it comprises 

means for calculating (3) a distribution of the values 
and means for forming a weighted average of the 
measured values (D1. D2. D3, SI, S2, S3). 

so 4; A method for the non -invasive measurement of the 
blood pressure with a non-invasive blood pressure 
monitor, especially according to one of the claims 1 
to 3, 

characterized in that in second operating mode 
55 (M2) and average value (0^, S^) of a plurality of 
measured values of diastolic and systolic blood 
pressure vatues (D1, D2, D3, SI, S2, S3) is calcu- 
lated. 
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5. A method according to claim 4, characterized in that 
in the second operating mode (M2), a pause, pref- 
erably of about 60 seconds, is made between sub- 
sequent measurements. 

5 

6. A method according to one of the claims 4 or 5, 
characterized In that a difference between the 
measured values and the average of the values is 
formed and In that the difference Is compared with 

a pre-determinable range. io 

7. A method according to claim 6 characterized in that 
a weighted average Is formed for comparison if one 
of the measured values substantially differs from 
the others. 15 

8. A method according to claim 7, characterized in that 
an additional measurement is made if the difference 
between the substantially differing measurement 
and the weighted average is outside a pre-detemii- 20 
nable range and In that a weighted average is dis- 
played if the difference is within the pre-determina- 

ble range. 

9. A method according to one of the claims 4 to 8, char- 25 
acterized in that a pulse rate Is calculated. 
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